Incommensurate (IC) charge-order (CO) and spin (SDW) density wave order in electron doped SrMn1-xWxO3-δ (x= 0.08 to 0.1875) have been studied using neutron diffraction (NPD). The study highlights the drastic effect of electron doping on the emergence of magnetic ground states which were not revealed in manganites before. With increasing (x) the crystal structure changes from simple tetragonal (P4/mmm) to an IC-CO modulated structure with super space-group P2/m(αβ0)00
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In the present study we have investigated the solid-solution series of SrMn1-xWxO3 for x = 0.08 to 0.1875. Here the Mn +4 /Mn +3 ratios have been tuned by substitution of W +6 ions at the Mn-site.
Compared to the hole-doping route of tuning the Mn +3 /Mn +4 ratio, the electron-doping route bears some differences. W +6 being diamagnetic cuts the existing nearest neighbor (NN) Mn-O-Mn superexchange pathways, which may affect the generic magnetic ground states in manganites. This is the first attempt to study the generic change in the magnetic ordering in electron doped manganites.
Our detailed neutron powder diffraction (NPD) studies on this series show the occurrence of IC-CDW and IC-SDW phases, which get continuously tuned with W substitution.
Experimental:
SrMn1-xWxO3 (x = 0.08 to 0.1875) were prepared through the conventional solid state reaction route using 99.99% pure SrCO3, MnO2 and WO3. The stoichiometric mixture of the ingredients was thoroughly ground mixed using mortar-pestle for ~ 5 h and then calcined at 1200 C for 24 h. The calcined powder was reground and pelletized in the form of ∼ 14 mm × 1 mm disks and then sintered at 1450 °C for 12 h. The x-ray diffraction (XRD) measurements have been done using Cu-Kα radiation on a Rigaku diffractometer (D-max) equipped with a graphite (002) monochromator.
Electron diffraction studies have been performed using transmission electron microscopy equipped
Gatan high-temperature (model 652) and liquid-nitrogen based low-temperature holders (model 636MA). The dc-magnetization measurements as a function of temperature (M-T) and field (M-H) measurements were carried out between 2 and 400 K, using SQUID-VSM (QD). The neutron powder diffraction (NPD) has been performed in time-of-flight (TOF) mode at GEM beamline of ISIS facility, UK. Structural refinements of the XRD and NPD data has been performed using JANA
2006 [50] .
Results:
Room temperature structural studies Room-temperature (RT) structural analysis and phase purity confirmation of the as-prepared samples was done through TEM, XRD and TOF-NPD measurements, followed by structural refinement of the XRD and NPD data. Table 1 . Figure 1(d) shows that 'm' decreases with increasing W content, i.e. with increasing Mn +3 /Mn +4 ratios. were finally confirmed through NPD measurements as described in the following. basically exhibits spin-glass phase, whose details is discussed elsewhere [52] . To understand the 6 differences between the spin structures of hole doped and electron doped AFM manganites, the magnetic structures of the observed AFM phases in SrMn1-xWxO3 have been analyzed using Rietveld refinement of the NPD data. Table 2 ferromagnetic. This is a typical C-type AFM structure [53, 54] . The refined values of the Mn moments for x = 0.08 and 0.10 are found to be 2.27 and 2.25μb, respectively, which is quite in agreement with other reports for Mn +4 spin only moments obtained through NPD studies [55, 56, 57] Interestingly, the AFM order for x = 0.1375 and 0. Since the magnetic structure is fitted very well with the non-centrosymmetric space-group, therefore it is likely to be a promising candidate for multiferroic studies like TbMnO3, DyMnO3 and EuMnO3.
dc-Magnetization studies

Neutron diffraction studies
Discussion: Charge density wave (CDW) modulation
The SrMnO3-δ forms basic perovskite with Mn existing in +4 charge-state, whose moments have Gtype AFM order [55] . and well-defined charge-strips [61] , optimized through long ranged coulomb interaction, giving rise to Wigner like crystallization [62] . The modulation manifests itself as a periodic deformation of the MnO6 octahedra, arising due to the Jahn-Teller distortion (JTD) caused by Mn +3 ions. In the case of Fe3O4 it has been experimentally [63] and theoretically [64] shown that CO may result by only ~20% charge-disproportionation i.e. the difference in the ordered charge states may be only 0.2e
and not 1e. The ordering of the disproportionate charge results as a CDW instability in the presence of electron-phonon interaction [65] . In the present case also the CO can be described as Mn +4-ψ / Mn +4+ψ , where the charge-disproportionation ψ gets continuously and periodically distributed over the constant background of Mn +4 lattice, such that the period is described by the modulation vector qIC. The charge-disproportionation ψ arises here due to appearance of eg-electrons through W +6 substitution. For SrMn1-xWxO3 with x = 0.15 the average charge state of Mn will be ~ 3.7 hence the charge-disproportionation will vary as 0 ≤ ψ ≤ 0.3e. The conceptualization of chargedisproportionation remains rather hidden in the case of commensurate CO. But the occurrence of incommensuration and the temperature dependence of the modulation vector, as observed in the present case, make it vivid. Since the extra charge ψ has eg-character, its disproportionate distribution at Mn sites will cause equally disproportionate JTD, i.e. the deformation of MnO6 octahedra and the corresponding shift in the oxygen positions will exactly follow the chargedisproportionation ψ. In the case of IC modulation the deformation and shift in oxygen positions do not remain pinned with the Mn sites, rather change continuously and independently along the vertex connected MnO6 octahedra-chain. This, in turn, translates that the eg-charge, which causes lattice deformation, has some itinerant character [66] as well, and therefore, it spreads over the vertex connected MnO6 octahedra square net-work as continuous charge density wave (CDW). CDW picture is the most general representation of CO modulation. The CDW like character of the CO phase has already been discussed earlier [12] and is also reported [27, 28] recently for hole-doped manganites. In the present report we show its presence in electron doped manganites. The occurrence of planer ordering 3dx 2 -y 2 orbitals play vital role in the CDW instability in the present case.
Planer ordering of 3dx 2 -y 2 orbitals
The JT-active Mn +3 ion causes structural and magnetic anomalies in SrMn1-xWxO3. The eg-charge of the Mn +3 ion can either occupy 3dz 2 or 3dx 2 -y 2 or a mixed state as represented by <ψ> = α<dz 2 > + β<dx 2 -y 2 > [67] . At high temperatures, in the cubic perovskite phase, the eg-charge keeps hopping and both the orbitals are equally probable. As temperature decreases it starts localizing and then only one of the orbitals dominates, leading to structural distortion due to JT-effect. In conventional CO manganites the MnO6 octahedra are usually elongated and tilted, resulting in structures with space groups like I4/mcm, Pnma or Pbnm [68] . Such space groups in perovskites give rise to distinctly new peaks in their XRD and NPD profiles at RT. But in the present case we did not observe any of those peaks, which could have indicated the possible existence of octahedra tilt ordering. All the perovskite peaks were accounted to the compressed tetragonal structure with P4/mmm symmetry and the remaining peaks were accounted to the incommensurate CDW structure with propagation vector qic = (a* + b* + 0) and superspace group P2/m(0)00, as listed in Table 1 . This proves that the occurrence of planer ferro-ordering of 3dx 2 -y 2 orbitals in SrMn1-xWxO3-δ with x ≥ 0.1375 has a well-defined physical correlation with the CDW. In La0.5
Sr1.5MnO4, the CO phase coexists with 3dx 2 -y 2 orbital-ordering [69] but in that case the orbitalordering is not ab-planer type, rather the xy-plane of 3dx 2 -y 2 orbital is tilted normal to the crystallattice ab-plane, which contained the CE-type CO. The present observation of planer ferro-orbitalordering of 3dx 2 -y 2 orbitals, co-existing with co-planer IC-CDW in SrMn1-xWxO3-δ with x ≥ 0.1375, is unique and has not been observed so far in manganites.
Planer ferro-orbital ordering of 3dx 2 -y 2 orbitals is usually supposed to be metallic and, therefore, it should suppress charge localization and, hence charge-ordering should not appear. But
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there are well celebrated materials [70] , like high-Tc cuprates, where 3dx 2 -y 2 orbitals, derived from Cu 2+ JT active ions, undergo planer-ordering on a square planer Cu-O lattice and gives rise to AFM insulating CDW phase. SrRuO2 is another example, which shows 3dx 2 -y 2 orbital-ordering with AFM insulating phase [71] . For stabilization of CDW Fermi-surface nesting should exist. The occurrence of planer orbital-order of 3dx 2 -y 2 provide necessary precursor for the formation of eg-electron band with nested Fermi-surface, resulting in CDW instability. The necessarily required lattice distortion arises due to electron-lattice interaction derived through JT effect. Here the 'itinerant' and 'localized' character of eg-electron, manifest simultaneously [66] . 
Spin density wave (SDW) ordering
Frustration induced SDW order
A SDW modulation arises due to position dependent magnetization of moments [21] . The CDW and SDW are usually observed in systems where Fermi surface nesting exists. The incommensurate SDW was first observed in metallic chromium due to Fermi surface nesting [20] . However, the existence of Fermi surface nesting is not a necessary and sufficient criterion for SDW. There are examples of insulating oxide systems, which show SDW originating due to magnetic frustration [31] [32] [33] [34] [35] [36] [37] . Spin-orbit coupling plays a crucial role in deciding moment frustration [72] .
Since in diffraction experiment the sharp peaks appear due to elastically scattered neutrons from the average common coherence of the structural order; just from elastic peaks one cannot differentiate between the time-averaged (due to moments still under partial order/paramagnetic state) and spaceaveraged (due to moments undergone partial ordering and still accompanying frozen disorder) configurations of moments, that which one is actually participating in the spatial variation of the 12 magnetization in a SDW structure. One will have to take help of diffuse part of the elastic scattering.
As discussed in the following, the present observation appears to be a case of moment configuration resulting from gradual mixing of frustration with order. Figure 10 shows stack of NPD profiles highlighting the region having major magnetic peaks.
It can be noticed that as W increases a broad humped region slowly grows over the flat background. CDW in a compressed tetragonal phase. For 0.175 ≤ x ≤ 0.2, the system becomes disordered cubic perovskite which undergoes short-range AFM ordered. For compositions with x > 0.2, the system slowly transforms to a PODP phase, which undergoes spin-glass freezing at lower temperatures.
The half doped systems i.e. x = 0.5 is an ordered double perovskite with AFM phase.
Conclusions:
In summary, based on our above described structural and magnetic studies we conclude that Table listing the magnetic space groups and the irreps generated by ISODISTORT for nuclear structure and corresponding propagation vectors listed in Table 2 . Those which are shown in bold show the best fit with the experimental NPD data. 
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